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METHOD FOR USING A PORTION OF THE 
SYSTEM CACHE AS A TRACE ARRAY 

BACKGROUND 

During system characterization or chip testing, for 
example, it is desirable to trace some on-chip vital signals 
for consecutive cycles. In order to log these signal values on 
a cycle-by-cycle basis for typically thousands of cycles, a 
dedicated Trace Array is conventionally used. Since the 
Trace Array is generally only used in the test mode, it is 
considered to be overhead to the chip real estate. The ability 
to trace internal ASIC signals and busses in a “system on a 
chip” environment is increasingly important When embed 
ded processors are involved in order to provide the capa 
bility to trace processor I/ O operations as they relate to other 
events Within the system. 

SUMMARY 

This disclosure presents a method for instructing a com 
puting system to allocate a trace array from an original cache 
memory, Where the method includes dividing the original 
cache memory into a reduced-siZe cache memory and a trace 
array, permitting storage of trace signal data into the trace 
array, and permitting retrieval of the trace signal data from 
the trace array. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present disclosure Will be better understood, and its 
features and advantages Will become apparent to those 
skilled in the pertinent art by referencing the accompanying 
draWings, in Which: 

FIG. 1 shoWs a block diagram of an exemplary processing 
system; 

FIG. 2 shoWs a cache system With memory usable in the 
processing system of FIG. 1; 

FIG. 3 shoWs a split cache con?guration of the cache 
memory of FIG. 2; 

FIG. 4 shoWs the split cache con?guration of FIG. 3 in a 
read mode; 

FIG. 5 shoWs the split cache con?guration of FIG. 3 in a 
Write mode; 

FIG. 6 shoWs a split cache con?guration With parity 
protection; 

FIG. 7 shoWs a data transmission system; 

FIG. 8 shoWs a centered phase selection; 

FIG. 9 shoWs a self-timed interconnect; and 
FIG. 10 is a How diagram of a method for allocating a 

trace array from an original cache memory in accordance 
With an embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In a preferred embodiment processor With a cache array, 
a portion (e.g., one half) of the cache array may be used as 
a trace array When a tracing function is invoked, While the 
remaining portion continues to serve as a cache array. 

Referring to FIG. 1, an embodiment of a system-on-chip 
environment 10 is illustrated and includes a CPU core 12 
having an L1 data cache 14 and an L1 instruction cache 16 
and a processor local bus (PLB) 18, Wherein the PLB 18 and 
CPU core 12 are preferably communicated With each other. 
System-on-chip environment 10 also includes an L2 cache 
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2 
110 having an L2 data cache 20 and an L2 instruction cache 
22 Wherein the L2 cache 110 is communicated With the CPU 
core 12 via PLB 18. Typically, the L1 data cache 14 can read 
or Write to the L2 data cache 20 and the L1 instruction cache 
16 can only read the L2 instruction cache 22. The L2 
instruction cache 22 is usually Written to by a main memory 
L3 24 via a memory controller 26 and the PLB 18. In 
accordance With an embodiment of the invention, L2 data 
cache 20 is divided into tWo parts: an upper array 130, Which 
is alWays a data cache, and a loWer array 132. The loWer 
array 132 may be either a cache array or a trace array. The 
loWer array 132 is typically controlled via a “TraceiMode” 
signal that is generated by a device control register (DCR) 
28 that is disposed Within the CPU core 12. When the logic 
state of the “TraceiMode” signal is Zero, the L2 data cache 
20 is fully con?gured as a cache and both the upper array 
130 and the loWer array 132, function as a cache array. When 
the logic state of the “TraceiMode” signal is one, the upper 
array 130 Will function as a cache array and the loWer array 
132 Will function as a trace array, having completely inde 
pendent read/Write control and address and trace input/ 
output. 

Referring noW to FIG. 2, an exemplary cache design 
comprises a 512K byte L2 cache indicated generally by the 
reference numeral 110. The cache 110 is implemented in 
Eight-Way associativities (A to H), usable in a System-On 
Chip environment. Each compartment 112 consists of 4096 
Words 116 and each of Which is 128 bits (Quad Word) Wide. 
The accompanying Directory Array 114 includes 1024 
Words 118 or congruence classes. Each entry 118 in the 
Directory Array 114 represents the presence of an L2 line 
120 having a siZe of 64 bytes. The entry 118 of the Directory 
114 consists of the Valid ?eld 122 and the Address ?eld 124, 
With a parity bit 126 for parity protection. The Address ?eld 
124 is 14 bits plus a spare bit S, at reference numeral 128. 
When the L2 cache 110 is in the 512K-byte mode, such as 
during normal system operation, the spare bit 128 is not 
used. HoWever, When the cache 110 is degraded to 256K 
bytes, such as during chip debug in trace mode, the spare bit 
128 is used to eXtend the Address ?eld 124. 
As shoWn in FIG. 3, the cache array 110 of FIG. 2 is split 

into tWo arrays, as logically illustrated in FIG. 3. In system 
mode, both arrays Will serve as the L2 cache 110, Which 
requires A(20) to A(31) to address each of its entries 118. In 
debug mode, the upper array 130 remains to perform the 
cache function While the loWer array 132 serves as a single 
image Trace memory array 132, Wherein the associativity 
partition is not de?ned. In trace mode, one less bit is needed 
to address the cache entries 118, namely A(21) to A(31), and 
the Directory Address ?eld 124 requires one more bit, 
namely A(20), to represent the high order bits of the request 
ing address. Here, the spare (“S”) bit 128 in the Directory 
114 is used for this purpose. 
A Read operation is shoWn in FIG. 4. A DC signal called 

“TraceiMode” is used to determine Whether the L2-Cache 
110 is in pure cache mode or in Cache/Trace miX mode. 
When TraceiMode=0 during normal system operation, 
A(20) becomes a selection signal to select either the upper 
array 130 or the loWer array 132. One of the SELECTiA to 
SELECTiH signals Will be ON to indicate Which one of the 
eight compartments 112 is selected, and its 128 bit output 
Will be the read data to the processor. When TraceiMode=1 
during trace operation, the upper array 130 Will continue to 
serve as L2 cache, albeit half the normal siZe in this 
eXemplary eXample. 
The loWer array 132 Will not be addressed by the system 

address, but by its oWn TraceiAddress(0: 10), as indicated at 
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reference numeral 134 of FIG. 4. The output of the loWer 
array 132 Will be a broadside 1024 bit (128 times 8) trace 
signal. Both the upper 130 and the loWer 132 arrays have 
become functionally independent. This type of design has 
tWo separate output busses. The loWer array or Trace Array 
132 has a 1024 bit output and the cache has a 128-bit output 
to the processor. The method of dumping the contents of the 
Trace Array 132 is implementation dependent. If the pro 
cessor is the one that reads the Trace Array 132, the trace 
output may share the processor read bus through the Read 
logic in Which case the trace read-out is not broad sided but 
in groups of 128 bits selected by the compartment 148 
selection signals. 

FIG. 5 shoWs the dual function D-Cache 110 in Write 
mode. The Address Logic is substantially similar to that of 
the Read function 140. In system mode, the CacheiDatai 
In(0:127), from processor 40 When there is a hit or from 
main memory L3 When there is a miss, Will be Written into 
the upper array 130 or the loWer array 132, depending upon 
the value of A(20). One of the SELECTiA to SELECTiH 
signals Will direct this data into the proper compartment 112. 
The Write operation is controlled by a signal “CacheiWrt” 
and address bit A(20) Will determine Which array, 130 or 
132, should take the incoming data. 

The “TraceiMode” signal 144 must be “0” during system 
mode so that the MUX logic 146 together With the SELECT 
signals 148 Will direct the system data into the loWer array 
132, Which is part of the Cache 110. During trace mode 
Where TraceiMode=1, a separate Write control signal 
“TraceiWrite” 150 is used to Write only the loWer array 
132; and the trace data, Which is 1024 bits Wide, is Written 
broadside into the loWer array Which serves as Trace Array 
132. 

FIG. 6 shoWs a parity protected dual function D-Cache 
210 in Write mode. The dual function cache 210 is similar to 
the dual function cache 110, but has additional provision for 
storage of parity data. In system mode, the CacheiDatai 
In(0:127), from processor 40 When there is a hit or from 
main memory L3 When there is a miss, Will be Written into 
the upper array 230 or the loWer array 232, depending upon 
the value of A(20), While the parity bit data Will be Written 
into the corresponding parity array, namely parity array 254 
for data Written to the upper array 230, or parity array 256 
for data Written to the loWer array 232. 

Turning noW to FIG. 7, one application of the above 
concept is discussed. In a system-on-a-chip implementation, 
the chip typically comprises a CPU core, a level-1 cache 
(L1) Within the CPU core, and a level-2 cache (L2) around 
the CPU core. For an application in Which such a chip is to 
perform packet sWitching functions, for example, it Would 
serve as a bridge betWeen a networking environment and a 
main server complex. The main Server complex may be, for 
example, an IBM Z900; so a link is needed to connect 
betWeen the netWork processor and the Server complex. This 
link can be strategically implemented in a Self-Timed Inter 
connect (“STI”) scheme, because it provides a stable and 
self compensated data transmission through a set of cables, 
such as have been shoWn in US. Pat. Nos. 5,568,526 and 
5,487,095, assigned to the present assignee and incorporated 
by reference herein in their entirety. 

The principle of operation of such an STI scheme may be 
understood With reference to the folloWing. Consider the 
non-STI data transmission system 160 of FIG. 7. Data is 
launched by a clock from a set of latches 164 on the 
transmission end of a link through a set of off-chip drivers 
(“OCD”) 166 into a set of conductors 168. In this case, the 
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4 
launching clock 166 is sent along With the data. At the 
receiving end of the conductors 168, a corresponding set of 
off-chip receivers (“OCR”) 170 processes the incoming 
signals, Which are then captured by receiving latches 172 
using the received clock 162. Although the data for each 
conductor 168 is launched at the same time, the arrival times 
at the receiver latches 172 may be skeWed because of the 
variations of the individual transmission paths. FIG. 7 shoWs 
only Path-B is properly captured by the falling edge of the 
C1 clock 162. Other paths are either captured too early 
(Path-C) or too late (Path-A) or Wrongly (Path-D). 
The STI concept is shoWn in FIG. 8. Each data input 

signal to a receiver chip 174 is fed to a delay line 176 With 
multiple taps. The delay line 176 contains many identical 
delay elements 178, With the output of each delay element 
representing a unique phase of the incoming data signal. At 
the core of the STI chip 174 is the phase selection logic, 
Which is responsible for selecting the preferred phase of the 
data bit to be sampled, preferably at the center of its 
data-valid WindoW 180. Once identi?ed, a built-in servo 
mechanism locks the data phase selection and makes 
dynamic adjustments to maintain the lock; hence the name 
“Self-Timed Interconnect.” 

Central to the phase-selection process is centering the 
data-valid WindoW With respect to the edge of the sampling 
clock 162. The edges of the data bit must be found by means 
of an edge-detection process. 
As shoWn in FIG. 8, the falling edge of C1or 162 aligns 

With the trailing edge of the data WindoW and identi?es the 
corresponding tap as Tap-E or Early Guard Band (“EGB”). 
In a similar manner, the falling edge of C1aligns With the 
leading edge of the data WindoW, Which occurs at Tap-L or 
Late Guard Band (“LGB”). Finding the center of the data 
WindoW becomes a simple matter of choosing a tap midWay 
betWeen Tap-E and Tap-L, Which is Tap-D. The falling edge 
of C1falls directly into the center of the data WindoW. This 
process is knoWn as “Bit Synchronization”. 

FIG. 9 shoWs a block diagram of the STI one-bit With 
phase-selection logic, indicated generally by the reference 
numeral 182. The serial data is fed into a “Bulk Delay Line” 
184, and then into a “Fine Delay Line” 186. The serial data 
is in form of double data rate (“DDR”), Which means tWo 
data WindoWs per cycle. The Fine Delay Line 186 has 32 
output taps, Which are divided into three groups. The ?rst 
group, comprising delay element-0 to delay element-15, is 
assigned to the EGB Pair Selector 188; the second group, 
comprising delay element-16 to delay element-31, is 
assigned to the LGB Pair Selector 190. 
The third group of delay elements 8 to 23, is assigned to 

Data Tap Pair Select 192, and shared With the upper half of 
the EGB and the loWer half of the LGB, respectively. From 
each of the three groups, an adjacent pair of phases is 
selected. So there are 15 possible pairs formed by the 16 
delay elements in the EGB, LGB, and Data groups. The 
three groups of delay element outputs are fed as inputs to the 
three pair-selector blocks. The “EGB Pair Selector” 188 on 
the left chooses the EGB tap, or Tap-E, Which is controlled 
by the EGB Address Register 194. The “LGB Pair Selector” 
190 on the right chooses the LGB tap, or Tap-L, Which is 
controlled by the LGB Address Register 196. 

Within the EGB selection on left side of FIG. 9, the EGB 
Pair Selector 188 ?rst picks a pair of predetermined phases 
near the upper part of the delay element group, such as, for 
example, the outputs of element-11 and element-12. The 
selected phase pair goes into the “EGB Sample” logic 196. 
Each phase of the pair, Which contains half-cycle data 
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WindoWs, is converted into tWo full cycle data samples. So 
the “EGB Sample” block 196 serves also as a serial to 
parallel converter. Hence, the “EGB Edge Detector” 198 
uses four samples to determine Whether or not the selected 
pair falls onto the data WindoW transition edge. The Edge 
Detector logic 198 generates UP or DOWN signals to either 
increment or decrement the EGB Address Register 194. 
A Random Walk Filter (“RWF”) 200 is used to avoid 

instantaneous adjustment in favor of adjustment based on 
trend over many cycles. The LGB loop on the right side of 
FIG. 9 operates in a similar manner, With the exception that 
the LGB Pair Selector 190 ?rst picks a pair near the loWer 
part of the delay element group, such as, for example, the 
outputs of element-18 and element-19. Accordingly, the 
selected EGB and LGB are initially croWded together in the 
middle of the delay line 184, and Work their Way toWards the 
tWo ends of the Fine Delay Line 186. The Bulk Delay Line 
184 is used to coarsely place the entire data WindoW near the 
center of the Fine Delay Line 186 so as to prevent the case 
Where bits, such as half of bit(i) and half of bit(i+1), are 
stored. 

The output of the EGB Address Register 194 and the 
output of the LGB Address Register 196 are fed into the 
Data Address Register 202, Where the average value of the 
Tap-E address and the Tap-L address is calculated. The Data 
Pair Selector 192, in the middle of FIG. 9, uses this result to 
select a pair of data phases. One of the data phase pair is 
strategically selected and the “Data Sample” logic 204 
converts it into a pair of full cycle semi-parallel data, 
DATAil and DATAi2. These tWo data signals are then 
converted into four fully parallel data signals of tWo-cycle 
Width in the doWn stream logic. 

In typical operation, the EGB loop shoWn on the left and 
the LGB loop shoWn on the right are tWo servo loops. 
During timing mode, these tWo loops Work their Way to 
locate the trailing edge and the leading edge of the data bit 
Within the Fine Delay Line 186. The manner of convergence 
can be monitored and studied in the simulation environment 
during the chip design phase. After the hardWare has actually 
been built, there is insuf?cient information available in the 
absence of a trace array as to hoW the convergence processes 
actually take place. Although the values of EGB address, 
LGB address, and Bulk delay tap address, etc., can be traced 
over thousands of cycles, this requires a very large trace 
array to do the job. The present disclosure teaches the use of 
half of the cache array as a trace array to characteriZe the 
STI, and sWitches it back to cache function When charac 
teriZation is completed. Because the characteriZation of STI 
is quite independent from the rest of the logic functions, the 
STI signals to be traced by this dual function cache/trace 
array may also be multiplexed or time-shared With other 
logic signals to be traced, greatly enhancing the tracing 
capability of the chip. 

Referring to the FIG. 10, a method for allocating a trace 
array from a cache memory in accordance With an embodi 
ment of the invention is discussed. As shoWn in step 500, in 
light of the discussion hereinabove, a cache memory having 
a directory array is obtained and includes dividing said 
cache memory into a reduced-siZe cache memory and a trace 
array. The cache memory is preferably 512K bytes in siZe, 
but may be of any siZe suitable to the desired end purpose. 
Also, at least one of the cache memory and the reduced-siZe 
cache memory is preferably organiZed so as to form eight 
Way associativities. In accordance With an embodiment of 
the invention, the reduced-siZe cache memory and the trace 
array are preferably the same siZe. HoWever, the cache 
memory may be divided such that reduced-siZe cache 
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6 
memory and the trace array may be any siZe suitable to the 
desired end purpose. The directory array includes an address 
?eld having a spare bit Which is usable in a trace mode to 
represent a high order bit of the requested address. 

In accordance With an embodiment of the invention, a 
trace mode is then detected and the storage of trace signal 
data into the trace array is permitted as shoWn in step 502. 
After storage of the trace signal data into the trace array 
occurs, the system-on-chip environment 10 is then permitted 
to retrieve the trace signal data from the trace array as 
needed as shoWn in step 504. In accordance With an embodi 
ment of the invention, the permitted retrieval of the trace 
signal data from the trace array may be con?gured as a 
broadside output from the trace array or may be con?gured 
as a compartmentally selected output from the trace array or 
any combination thereof. 

In accordance With an embodiment of the invention, a 
self-timed interconnect signal using the trace array is char 
acteriZed and once the characteriZaion is compete, the 
reduced-siZe cache is then sWitched back so as to alloW the 
cache memory to function as before. Also in accordance 
With an embodiment of the invention, the self-timed inter 
connect signal may either be multiplexed, time-shared or a 
combination thereof With other signals that are being stored 
in the trace array. 

In accordance With an embodiment of the invention, the 
cache memory is preferably comprised of a system-on-chip 
environment 10 and the combination of the reduced-siZe 
cache memory and the trace array preferably includes a split 
cache that spans the addressable space of the entire cache 
memory. Also, in accordance With an embodiment of the 
invention, the reduced-siZe cache memory and the trace 
array are each preferably associated With a separate output 
bus. 

Also, in accordance With an embodiment of the invention, 
a cache memory is provided Which includes an apparatus or 
method for dividing the cache memory into a reduced-siZe 
cache memory and trace array and an apparatus or method 
for permitting the storage of a trace signal data into the trace 
array and an apparatus or method for permitting retrieval of 
the trace signal data from the trace array. 
An advantage of the described exemplary embodiments is 

that a trace storage area is provided that is useable as a cache 
memory during normal operation such that the on-chip real 
estate used for the trace array during testing is ef?ciently 
utiliZed as a cache array during normal operation. 

Processing of FIG. 10 may be implemented through a 
controller operating in response to a computer program. In 
order to perform the prescribed functions and desired 
processing, as Well as the computation therefore, the con 
troller may include, but not be limited to, a processor(s), 
computer(s), memory, storage, register(s), timing, interrupt 
(s), communication interface(s), and input/output signal 
interface(s), as Well as combinations comprising at least one 
of the foregoing. 
The disclosed invention can be embodied in the form of 

a computer or controller implemented processes. The 
present invention can also be embodied in the form of 
computer program code containing instructions embodied in 
tangible media, such as ?oppy diskettes, CD-ROMs, hard 
drives, or any other computer-readable medium, Wherein 
When the computer program code is loaded into and 
executed by a computer or controller, the computer or 
controller becomes an apparatus for practicing the invention. 
The present invention can also be embodied in the form of 
computer program code, for example, Whether stored in a 
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storage medium, loaded into and/or executed by a computer 
or controller, or transmitted over some transmission 

medium, such as over electrical Wiring or cabling, through 
?ber optics, or via electromagnetic radiation, Wherein When 
the computer program code is loaded into and executed by 
a computer or a controller, the computer or controller 
becomes an apparatus for practicing the invention. When 
implemented on a general-purpose microprocessor, the com 
puter program code segments con?gure the microprocessor 
to create speci?c logic circuits. 

While the invention has been described With reference to 
an exemplary embodiment, it Will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof Without 
departing from the scope of the invention. In addition, many 
modi?cations may be made to adapt a particular situation or 
material to the teachings of the invention Without departing 
from the essential scope thereof. Therefore, it is intended 
that the invention not be limited to the particular embodi 
ment disclosed as the best mode contemplated for carrying 
out this invention, but that the invention Will include all 
embodiments falling Within the scope of the appended 
claims. 
What is claimed is: 
1. A method of allocating a trace array from a cache 

memory, comprising: 
dividing said cache memory into a reduced-siZe cache 
memory and a trace array; 

permitting storage of trace signal data into said trace 
array; and 

permitting retrieval of said trace signal data from said 
trace array; 

Wherein said cache memory comprises a directory array; 
Wherein said directory array comprises an address ?eld 

having a spare bit usable in a trace mode to represent 
a high order bit of a requested address. 

2. A method as de?ned in claim 1 Wherein said reduced 
siZe cache memory is equal in siZe to said trace array. 

3. A method as de?ned in claim 1 Wherein said reduced 
siZe cache memory is not equal in siZe to said trace array. 

4. A method as de?ned in claim 1 Wherein said cache 
memory is 512K bytes in siZe. 

5. A method as de?ned in claim 1 Wherein at least one of 
said cache memory and said reduced-siZe cache memory is 
organiZed in eight-Way associativities. 

6. A method as de?ned in claim 1 Wherein said cache 
memory comprises a directory array. 

7. A method as de?ned in claim 1, further comprising: 

detecting a trace mode. 
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8. A method as de?ned in claim 1 Wherein said cache 

memory is comprised by a system-on-chip environment. 
9. A method as de?ned in claim 1 Wherein the combina 

tion of said reduced-siZe cache memory and said trace array 
comprises a split cache spanning the addressable space of 
said cache memory. 

10. Amethod as de?ned in claim 1 Wherein the permitted 
retrieval of said trace signal data from said trace array is 
con?gured as a broadside output from said trace array. 

11. A method as de?ned in claim 1 Wherein the permitted 
retrieval of said trace signal data from said trace array is 
con?gured as a compartmentally selected output from said 
trace array. 

12. Amethod as de?ned in claim 1 Wherein said reduced 
siZe cache memory and said trace array are each associated 
With a separate output bus. 

13. A method as de?ned in claim 1, further comprising: 
characteriZing a self-timed interconnect using said trace 

array; and 
sWitching back to the original cache functionality once 

characteriZation is complete. 
14. A method as de?ned in claim 13, further comprising: 
at least one of multiplexing and time-sharing said self 

timed interconnect signals With other signals to be 
stored in said trace array. 

15. A storage medium encoded With a machine-readable 
computer program code for allocating a trace array from an 
original cache memory, said storage medium including 
instructions for causing a computer to implement a method 
comprising: 

dividing said cache memory into a reduced-siZe cache 
memory and a trace array; 

permitting storage of trace signal data into said trace 
array; and 

permitting retrieval of said trace signal data from said 
trace array; 

Wherein said cache memory comprises a directory array; 
Wherein said directory array comprises an address ?eld 

having a spare bit usable in a trace mode to represent 
a high order bit of a requested address. 

16. A cache memory comprising: 
means for dividing said cache memory into a reduced-siZe 

cache memory and a trace array; 

means for permitting storage of trace signal data into said 
trace array; and 

means for permitting retrieval of said trace signal data 
from said trace array. 


